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ABSTRACT

After its fly-by of the planct Jupiter in}* cbriiar'y 1992, the Ulysses spacecraft isnow in ahight y inclined
heliocentric orbit that will bring it above the soul h polar regions of the Sun in September 1994. The high-
latitude phenomena observed 1o date have been strongly influenced by the near-minimum solar activity
conditions encountered during this phase of the mission. Inlate April 1993, when Ulysses was a -29°S
heliographic lat it udc, the recurrent high speed solar wind streamthat 1 1 ad been observed at the location of
the spacecraft for 11 consecutive solar rotations underwent a dramatic change. The wind speed in the vai-
leys between successive peaks increased in a single step from ~420km s* 10 ~560 km s1. This change
in solar wind flow was accompanicd by the disappearance at the spacecralt of the magnetic sector struc-
ture that had been observed until [hen. Both these findings arc consistent with U | ysses having climbed
beyond the fatitude of the corona strecamer belt in which is embedded the heliospheric current sheet
(11(X). in its subsequent poleward journcy, no further cvidence for an encounter with the 11CS has been
seenat Ulysses. Other phenomena observed include the evolution with tatitude of corotating interaction
regions (CIRs) and their influence on the acceleration of encrgctic particles, and the characteristics of the
solar wind flows emanating from the south polar coronal hole. in Ibis paper, we present details of the
above observations. Finall y, while the polar passes of the prime mission will lake place ncar solar mini-
mum, an extended mission will bring Ulysses back over the poles near the maximum of lhe next cycle. A
summary of scientific goalsfor Ul ysses @ solar maximum is given.

INTROI)UCY 10N

The primary scientific objective of the joint ESA-NASA Ulyss% nission 18 10 characterize for the first
time the fields anti particles in the inner heliosphere as a functionplar latitude, with particular emphasis
on the regions above the solar poles /1,2, The Ulysses scientifidh vestigations encompass studies of the
heliospheric magnetic field, hetiospheric radio and plasma waves, the solar wind plasma including its mi-
nor heavy ion constituents, solar and interplanctary encrgetic particles, galactic cosmic rays and the
anomalous cosmic ray componcnt. Other investigations arc directed towards studies of cosmic dust and
interstellar ncutral gas, as well as solar x-rays and cosmic gamma -ray bursts. Radio science experiments
10 probe the solar corona and to conduct a search for gravitational waves have also been carried out. An
overview of the scicntific investigations isgiven in Table 1.

Because directinjection into a solar polar orbit from the Earth is not feasible, a gravit y-assist is required
1o achieve a high-inclination orbit. As it result, Ulysses was launched at high speed towards Jupiter in
October 1990, after being carried into low-Earth orbit by the space shuttle Discovery. Following the fly-
by of Jupiter in February 1992, the spacecraftis now travelling southward inan ¢l Liptical orbit inclined al
80.2° to the solar cquator. In the normal operating mode, the scient i fic 8 at aacquired by the Ulysses in-
struments arc stored by atape recorder 011 board the spacecraft for 16 hours and downlinked to the NASA
Deep Space Net work once a day 1ogether with the real lime dat aduring an 8-hour tracking pass. The
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coverage to date has been excellent, being -97% on average Over the 4s months since launch. This data
set represents the most complete set of continuous interplanetary measurements ever recorded. Further
details regarding the spacecraft and its scientific investigations can be found in/1/.

TABILE1 The Ulysses Scientific Investigations

and interstellar
necutral gas

| ,ow-energy ions
and clectrons

Cosmic rays and
solar particles

Solar X-rays and
COSMIC gamma-ray
bursts

Cosmic dust
Radio Science
Coronal sounding

Gravitational
Waves

Interdiscip linary
Studies
Dircctional
discontinuitics
Mass loss and ion
composition

Solar wind

outflow

Comets
Cosmic rays

shocks

Investigat ion Acronym Principal Investigator Measurement
Magnetic field VHM/FGM A, Balogh, Imperial College,  spatial and temporal variations of the
London (UK)
Solar wind plasma  SWOOPS  J.L. Phillips, 1.0s Alamos solar wind ions; 260 cV/q 1035 keV/g;
National Lab. (USA) solar wind clectrons: 0.8 to 860 ¢V
Solar wind ion SWICS J. Geiss, Univ. of Bern (CH)
composition G. Gloeckler, Univ. of and mean speed of solar wind ions;
Maryland (USA) 145 km/s (H) (0 1350 km/s (Fc?)
Radio and plasma URAP R.G. Stone, NASA/GSFC plasma waves, solar radiobursts, clectron
Waves (USA) density, elcetric field
magnetic: 10-500 Hr.
Encrgetic particles  EPAC/GAS  E.Kceppler, MPAC, Lindau (D)

HI-SCALE 1.]. Lanzerotti, AT&T Bell

Labs., Ncw Jersey (USA)

COSPIN J.A. Simpson, Univ. of
Chicago (USA)

GRB K. 11urley, |_JC Berkeley (USA)
M. Sommer, MPE, Garching
)

DUST E. Griin, MPK, Heidelberg (D)

SCE M.K. Bird, Univ. of Bonn (D)

GWE B. Bertotti, Univ. of Pavia (1)

M. Schulz, 1 .ockheed Palo Alto
Res. Lab, (USA)

G. Neci, Univ. of Florence (1)

A. Barncs, Ames Rcs. Center
(USA)

J.C. Brandt, Univ. of Colorado
(USA)

J.R.Jokipii, Univ. of Arizona
(USA)

C.P. Sonclt, Univ. of Arizona
(USA)

heliospheric magnctic field: 0.01 1o 44000 nT

clemental & ionic-charge composition, temp.

plasma waves: 0-60 kHz; radio: 1-940 kiz;

cnergeticion composition: 80 keV- 15 MeV/n
ncutral hchum atoms

encrgeticions: 50 keV -5 MeV
energetic clectrons: 30-300 keV
cosmic rays and encrgetic pitticles
ions: 0.3-600 MeV/n

electrons: 4-2000 McV

solar flare X-rays and cosmic gamma-ray
bursts: 1S-150 keV

dust particles: 1010 107

density, velocity and turbulence spectra in the
solar coronia and solar wind

Doppler shifts in S/C radio signal due 10
gravitational waves
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Fig. 1. The Ulysses spacceraft trajectory, viewed from above the ecliptic plane.
THE ULYSSES POLAR PASSES

The Ulysses polar passes are defined to be those periods during which the spacecrafl is above 70° helio-
graphic latitude in cither hemisphere. The mission was designed to maximisc the total duration of the
polar passes, with aminimum requirement of 150 days. In fact, the actual mission performance is signifi-
cantly better than this and the spacecraft will spend a total of 234 days above 70°, The first polar pass
will take place in the southern hemisphere, a consequence of Jupiter’s position with respect to the solar
cquator at the time of the fly-by. Starting 26 June 1994, Ulysses willspend 132 days at southem helio-
graphic latitudes greater than 70°, reaching a maximum latitude o T 80.2° in mid-Septer nber. The first po-
lar pass will end on 5 November 1994, In contrast to the initial climb from low to high lat itudes, which
took more than 2 years and covered arange of 1adial distances (5.4 to 2.3 AU), the south pole-m-cqua[or
segment of the trajectory is completed in only 6 months aod at a more constant heliocentric radius. The
sccond (horthern) polar pass takes place almost exactly one year after the first, and is slightly shorter in
duration (102 days). The end of the second pass, on 29 September 1995, marks the end of the prime mis-
sion, although firm plans exist to continue mission operations for a lull second orbit (sec later in this arti -
cle). Figure 1is a schematic o [ the Ulysses trajectory. 1t should be noted that the out-of-celiptic trajectory
cnables a survey to be made of al magnetic latitudes, since the inclination of the Sun’s magnetic dipole
axis withrespectto its rotation axi S is gencrally greater than 10°.

RESULTS FROM THE FIRST MID-LATITUDE SURVEY (15" -55” S)

In this scction, we present a sclection o [ the results obtained in the period following Jupiter fly-by up to
the start of the first polar pass, with particular emphasis on the mid-latitude region between approxi-
mately 15° and 55"S. This period is characterised by a general decline in solar activity that followed the
more dynamic conditions encountere d by Ulysses during its transit from Farthy to Jupiter in1991/25/. As
a general remark, itisimportant (o realise that the polar passes of the prime mission, while providing new
and unique information concerning the three-dimensional nature of the heliosphere, will focus rather
strongly on phenome na rel ated to solar minimum. Continuing the mission for a second solar orbit, on the
other hand, will enable high-l atitude measurements to be made at solar maximum, leading 10 a more
complete picture as discussed later in this paper.
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Solar Wind Plasma and Heliospheric Magnetic Ficld

An important feature of the global structure of the heliosphere is the heliospheric current sheet (HCS)
that separates interplanet ary magnetic field of opposite polarity. The } 1CS isthe outward projection of the
Sun’s magnetic equator and associated coronal streamer belt, and its forin is know t0 change from being
highly complex at solar maximum to being relatively simple at solar minimum. A key parameter is the
average tilt of the HCS with respect to the Sun’s rotation axis, whichin turn is related 10 the tilt of the
Sun’s magnetic dipole axis with respect 10 the rotation axis. The current sheet is known 10 become flatter
and more equatorial near solar minimum (e.g. /3/). HCS crossings al the location of Ulysses ceased in
April-May 1993 at a heliographic latitude of ~30° south, a conscquence of the spacecraft’s poleward mo-
tion /4/. Prior 1o Ibis, beginning in July 1992, a recurrent bigh-speed sticam whose source was an equa-
torward extension of the polar coronal hole in the southern solar bemi sphere dominated the solar wind
plasma conditions a Ulysses/5,6/.

TABLE 2 Kcy Events During Ulysses' FirstHeliographic Latitude Scan,

Time Latitude R (AU) Observation Reference
early Jul. '92 13"s 5.3 First obscrvation of recurrent high-speed /6/
stream
latc Apr.’93  29°S 4.8 Step-like increasce in min. SW speed 16/

from ~420to S60km s-1
May '93 30's 4.7 Disappcaran ce of magnetic sector 4/
structure
late Jun. '93 33.6°S 4.6 1 .ast forward shock (C | R) /1]
late Jul /early  36°S 44 Constant immersion in SW from polar ~ /7/
Aug. 93 corona holc
carly Mar.’94 55.5°s 34 Last reverse shock (CIR) Y

The passage below the HCS was accompanied by a jump in the minimum solar wind speed from ~400
km s 10 ~550 km 5™} /6/, the maxima remaining relatively unchanged 1t between 750 and 800 kmg™!, A

further jump in minimum speed, to approximatcly 700 km s occurred in August 1993, after which time
the wind speed profile has shown few, if any, recurrent features. When nommalised to the same radia
distance, the density, speed, mass flux and ram pressure observed by Ulysses over the latitude range 36°
10 ~60°S were all rather constant, implying dial thespacecraftwas immersed in pure high-speed wind.
Obscrvations o [ the photospheric magnetic ficlds and the inferred coronal hole bound arics for the period

corresponding to the Ulysses mcasurements indicate that the corona i not evolve significantly during
1993, implying that the solar wind features seen at Ulysses were primarily the result of the spacecraft’s

increasing southerly latitude /7/.

The 1993/94 mid-latitude survey has been particularly successful in revealing the latitudinal cvolution of
solar wind strecam intcraction regions /8/. According 10 the model of Pizzo and Gosling /1 1/,thetiltof the
coronal streamer belt (and the underlying solar dipole) with respect 10 the Sun’s rotational axis causcs a
poleward propagation of the reverse shock associated with a corotating interaction region (CIR) and an
cquatorward propagation of the CIR forward shock in cither hemisphere. Seen from a spacecraft travel-
ling southward at constant or decreasing radial distance, this leads to a gradual disappearance of CIR-
rclated forward shocks, while reverse shocks, although becoming progressively weaker, continue tobe
observed. This behaviour bas now been put on afirm obervational foot i ng by Ul ysses. The last forward

shock from a CIR was recorded at 33.6° south, while reverse shocks have persisted beyond 45° /7/. Tt
should also be noted that reverse shocks associated with CIRs continuc to propagate to highlatitudes be-
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yond 5 AU /12/. This means that a spacecraft at high latitude, v. bilc not observing a reverse shock lo-
caly, may nevertheless be magnetically connected 10 a reverse shock existing a the same latitude farther
out from the Sun. This phenomenon will be discussed in more detail in the section dealing with energetic
particle observations.
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Fig. 2. Solar wind speed as measured by the SWOOPS cxperiment on board Ulysscs
(from /10/).

while many Of the solar wind structures observed atmid-to-high latitudes by Ulysses have been of the
comt sling kind associated with the lon~:-lived high-speed stream discussed above, a nuniher of coronal
mass ejections (CMLis) have also been detectedin the high-Tatitude solsr wind 797. 1 light such cvents
were recorded between 317 and 55° south, one of which was directly associated witlh a CME event ob-
served by the soft X-ray telescope on the Yohkoh satellite. In addition to being the first in-situmeasure-
ments of high-latitude CMEs inthe solar wind, the Ulysses data have revealed animporiant feature of
such structures, namely that they arc propagating at the same speed as the ambient fast solar wind
plasma. Recalling that CMEsin the solar windinthe ecliptic show similar behaviour, Gosling and co-
workers suggest 9/ thatall CMEs arc subject 1o the same basic acceleration process as the normal solar
wind, regardless of the latitude at which they leave the Sun,

The Ulysses solar wind ion charge state abundance measurements can be used to infer the clectron tem-
perature in the corona at which the  distribution of observed charge states for a given clement becomes
“frozen-in" /13/. Galvinand co-workers report the first such ionization temperature determinations fOr
Oxygen, Silicon and iron ions originating in the south polar coronal hole /14/. The inferred coronal tem-
perature, ranging from -1.1 to 1.5 x 10° K, is lower than that of the normal quict Sun, and the measure-
ments imply an electron temperature gradient over the range of freezing-in altitudes which is quilt small.

An important question 10 be addressed by Ulysses is bow well the large-scale configuration of the helio-
spheric magnetic field at high latitudes matches the predictions of themodel first proposed by Parker /15/
in which the combined cffects of solar rotation and the radial expansion of thesolar wind into which the
field is "frozen” lead to the familiar Archimedean spiral pattern. According to this picture, Jmn-equatorial
field lines will wrap around cones of half-angle corresponding to the colatitude of their foot points at the
Sun, becoming radial over the poles. Initial results from the Ulysses magnetometer experiment indicate
that the average magnetic field exhibits the expected pattern, with the ratio of the azimuthal to radial
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components decreasing as sin where O is the colatitude. However, the mid-tatitude field in the southern
hemisphere is less tight ly wound than predicted /16/, The OF ifin of this cffect is not yetunderstood.

A possible modification to the Parker model has been proposed by Jokipii and Kdta /17/, who suggest
thatthe simple radial polar fields referred to above would be significanil y modificd if there arc transverse
perturbations present in the source field at the Sun. These transverse components, even though small at
the source, will decrease less rapidly with distance than the radial component and wi 1 tend to dominate at
large ( 10s of AU)distances. 1 f this should indeed be the case, it would have a profound effect on the
modulation of cosmic rays, whosc entry into the inner heliosphere depends criticatly on the configuration
of the polar ficlds. Smith and co-workers /18/ report the existence of Jarge-amplitude, long-period (1 0 to
20 hours) Alfvén waves inthe Ulysses field measurements associated with southerni polar coronal bole
flows that could represent the waves discussed in/17/.
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by the COSPINp BT experiment on board Ulysses (upper pancl), together with the solar
wind velocity from SWOOPS (from /19/).

Encrgctic Paticles

For a period of approximately one year starting in carly July 1992, Ulysses encountere d a recurrent high-

sneed solar wind stream and associated corotating stream inleracion regions, as discussed above. The
forward and reverse shocks bounding CIRs are known to aceelerale jong o MeV Cner gies near g, celip-
tic, and a key objective of the Ulysses observations jq 1 study the latitude dependencee of the '1ccck‘rduon

process. Given the disappearance of forward shocks atthe spacewifl atlatitudes poleward of ~34°S and
ihe gencral WEAKENING ¢ yne roverse shocks/7/, it is not unreasonable 10 suppose that the intensity of
accelerated ions will show a rapid decrease at mid- 1o high latitudes, with no recurrent increases seen
beyond |be Tatitude of the g phserved reverse shock. In fact, (he situation as revealed by the Ulysses
data is mose complex, with recurrentinereases of -1 MeV ions continuitig to be seen at the highest lati-
tudesreached 10 date /1 9,20/

Cummnng the features of intensity increases of ~0.5 MeV ions and ~40 keV clectrons rcwrdcd by the
HI-SCALE instrament on Ulysses, Sjmnet and co-workers /207 find that ag Vatitudes abo ve ~30°S, {1erc
is ii progressive delay between the time of maximum ion intensity and maximum electron intensity.
While the jon increases tend to be 1EMPOTALY gecocined WIh ¢ reverse shock and have maximum in-
tensities that decrease with latitude, the electron ©VCis ofien peak as much as several days afier the pas-
sage of the reverse shock with intensity maxima thatare roughly latitude-independent. these authors
suggest that both populations arc accelerated at the reverse shock, the difference in timing arising from
the fact 2t iy contrast to the jons, the clectrons are accelerared non-tocally /20/. Several days after the
CIR has passed Ulysses, (he spacecraft is magnetically connected (o the reverse shock at a much larger
radius Where the shock strength is higher. Since the accelerated electrons (ravel much faster than the
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shock, (hey arc not confined to the CIR and propagate back in toward the Sun where they undergo mag-
netic mirroring. in this way, the electrons are able to have multiple shock encounters, therchy increasing
the acceleration efficiency.

Cosmic Rays

The idea that galactic cosmic rays arrive relatively unimpeded over the polesis an intriguing concept that
has been debated for many years. To test [his idea directly is onc Of the key objectives of the Ulysses
mission. in addition to the almost scaltcr-free propagation along the sup»posed near-radi{tl, weak polar
magnelic ficld that forms the basis for this idea, particle drift motion is also favourable 10 the transport of
positively charged cosmic rays from the poles to the heliospheric current sheet in the current phase of the
solar magnetic cycle. The expectation, therefore, was that Ulysses would find asignificant positive latitu-
dina gradient. A major surprisc from the data obtained to date is that this gradient appears to be absent,
atlcast down to ~60° south /21/. Mcasurements a even higher Iatit udes, to be obtained during the polar
passes, will provide a definitive answer. The lack of a latitudinal gradicnt, if confinmed, may not neces-
sarily imply afailure of the basic theory of cosmic ray transport. Rather, it may point to an inadequacy in
our quantitative knowledge of the parameters entering the equat ions. The detailed physics entering into
the specification of the spatial diffusion tensor, in particular, requires betterunderstanding /22/.

Another feature of the cosmic ray datathat was not expected is the persistence of a “27-day” periodic
modulation even after the spacecraft moved poleward of the maximum latitude a which C:IR-like struc-
ture was observed locally in the solar wind /23,24/. As in the case of the cnergelic particles, the high-
latitude field lines along which the cosmic rays reach Ulysses must conncet 10 the CIRs responsible for
the modulation farther out in the heliosphere, where the latitudinal extent of the corotating structure has
increased. McKibben and co-workers show that the modulation at Ulysses is in phase with similar vari-
ations seen al IMP-8 at 1 AU, pointing to the global nature of the modulating region /23/.

ULYSSES AT SOLLAR MAXIMUM

The phenomena being studied by the Ulysses mission arc strongly influenced by the 11-year solar activ-
ity cycle. The primary mission, defined to endin September 1995, extends over about half of the solar
cycle. Since the orbital period of thesun-centered, out-of-ecliptic Orbit is 6.2 years, continuing the mis-
sion for another mbit makes coverage of the second half of a cycie possible. The polar passes during the
prime mission occur during the descending phase of the solar cycle, closc to solarminimum. The polar
passes during the second orbit, onthe other hand, will take place in 2000 and 2001, close to solar maxi-
mum (scc Table3).

The period beyond 1995 will bc of particular importance, since the Ulysses miission, then athigh solar
latitude, will form an important complement to ESA’s SO110 and NASA’s WIND missions. SOHO will
carry an cxlensive complement of solar experiments dedicated to studying the sun’s corona and the solar
wind. WIND will provide continuous monitoring of the heliospheric magnetic field, waves and particles
inthe ecliptic plane at 1 All.

Following the north polar pass in 1995, Ulysses will descend in latitude towards the orbit of Jupiter
(aphelion in 1998, scc I'able 3). The outbound leg of the trajectory provides an opportunity to survey the
latitude range bet ween 70° and 07 at solar dist ances between 2.2 and 5.4 AU for a second time. in con-
trast to the first (1992-1994) inbound ascent in latitude, the outbounddescent in latitude (1 9961998) will
occur at solar minimum conditions or in the early rising phase of the next solar cycle. The spacecraft will
spend a relatively long time near iipl]c.lie]] whenboth the solar latitude andradialdistance are changing
slowly. From June 1997 to June 1998, Ulysses will be within 4 1 0° of the solar equator, and from May
1997 to April 1999 at heliocentric distances greater than 5 AU. This interval will provide an opportunity
to study time variations free of concern about spatial variations.
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TABLE 3 Mission Summary For Ulysses Second Solar Orbit

Event Year Mon Day
Aphelion (5.4 AU) 1998 04 17
3rd Polar Pass (S)
start 2000 09 0X
max. latitude (80.2°) 2000 11 27
end 2001 01 16
Perihelion (1.3 AU) 2001 05 26
4th Polar Pass (N)
start 2000 09 03
max. latitude (80.2°) 2001 10 13
endof misson 2001 12 12

Scientific Goals of the Ulysses Mission During the Period 1995 to 2001

During solar maximum, the conditions encountered by Ul ysses arc expected to be dramaticall y different.
especially in the polar regions, from those during the prime mission. ‘1 ‘he polar cap magnetic fields will
be in the process of vanishing and tlien reversing polarit y. Poleward-drifting unipolar magnet ic regions
will have the opposite polarity anti wiii tend to reduce rather than enhance the polar ficlds. The HCS,
which has alow inclination at solar minimum, will be highly inclined and may consist of multiple sheets.

This complex and dynamic field topology wiii have important consequences for the solar wind, solar en-
crgetic particles and cosmic rays, It will pose basic questions to be answered:

Where do the heliospheric magnetic fields and solar wind originate? Arc the lar.gc-scale properties of the
solar wind, particularly the speed and density, still correlated with distance to the current sheet? What
will be the magnetic topology of CMEs encountered at high latitude? ‘1 he solar wind, being closel y COu -
pled to corona magnetic fields, is aso expected to undergo drast ic changes. CM Es arc expected to domi-
nate corotating structure even athiglilatitudes. Will the flow from lilt polar caps be correspondingly ir-
regular? Will shocks be present? Will high speed streams still originate from coronal holes?

Galactic cosmic rays will be strongl y modulat cd. How wiii their propeti ics (e.g. intensityy (i ffer from the
poles 10 the cquator? Will it be possible to determine the relative imporiance of drifts and merged interac-
tion regions in the modulation process? What role dots the 1 ICS (or sheets) play? Can the anomalous
cosmic ray component penct rate into the polar regions? At lower encigics, the propel tics of solar encr-
getic particles will probably be very different. The increased solar activity will ensure alarge number of
flares, including some that arc very intense. Will particles accelerated in flares or CME shocks be de-
tected @ high lat it udes? Will evidence for local accelerat ion at t ransient shocks be foundin the polar re-
gions?

The above list of topics is clearly not exhaustive. Nevertheless, it demonstrates that continuation of Ulys-
scs for a second solar orbit effectively constitutes a new mission with unique scientific goals that willnot
be addressed by any other mission in the foresecable future. Furthermor c, tile inherent possibility of com-
paring of the polar heliosphere a solar minimum and solar maximum using the same set of instruments is
an added bonus of considerable valuc.




Ulysses at High [atitudes (4/s)301

ACKNOWILEDGEMENTS

The authors wish to thank the Ulysses Principal investigators for providing information concerning their
results prior to publication. Portions of the research described in this publication were carried out by the
Jet Propulsion Laboratory, California Institute of Technology, under a contract with NASA.

REFERENCES

1. K.-P. Wenzel, R.G. Marsden, D.E. Page and E.J. Smith, The Ulysses mission, Astron. Astrophys.
Suppl. Ser. 92,207 (1992).

2. 1.J. Smith and K.-P. Wenrel, Introduction to the Ulysses encounter with Jupiter, J. Geophys. Res. 98,
21, 111 (1993),

3.8.7. Suess, DJ. McComas and 5. T.Hocksema, F redactions of the heliospheric current sheet tilt:
1992- 1996, Geophys.Res. Lett. 20, 161 (1993).

4. 1.}, Smith, M. Neugebauer, A. Balogh, 8.J. Bame, G. Erdds, R.J. Forsyth, B.Li. Goldstein, J.L.. Phillips

and B.T. Tsurutani, Disappcarance of heliospheric sector structure at Ulysses, Geophys. Res. Lett. 20,
2327 (1993).

5. A. Balogh, G. Erdds, R.J. Forsyth and E.J. Smith, The evolution of the interplanctary sector structure
in 1992, Geophys.Res.Let1.20, 2331 (1993).

6.S.J. Bame, B.-E. Goldstein, J.T. Gosling, J.W. Harvey, D>.J. McConias, M. Ncugcebauer and J. L.. Phil-

lips, Ulysscs observations of arccurrent high-speed stream and the heliomagnetic streamer belt, Geophys.
Res. Lett. 20,2323 (1993).

7.1.1.. Phillips, A. Balogh, S.J. Bame, B.E. Goldstein, J.T. Gosling, }.T. Hocksema, D.J. McComas, M.
Necugebauer, N.R. Sheeley, Jr. and Y.-M. Wang, Ulysses at 50" South: constant immersion in the high-
speed solar wind, Geophys. Res. Letr. 21, 11 05 (1994),

8.1.1. Godling, S.J.Bame, D). McComas, J.L. Phillips, V.3, Pizzo, B.E. Goldstein and M. Neugebauer,
Solar wind corotating interaction regions out of the ccliptic plane: Ulysses, Space Sci.Rev. 72, in press
(1994).

9. 1.1. Gosling, S.J. Bame, D.J. McComas, J.1.. Phillips, A. Balogh and K.T. Strong, Coronal mass ¢jec-
tions a high heliographic latitudes: Ulysses, Space Sri. Rev. 72, in piess (1994).

10. D.J. McComas, J.1.. Phillips, S.J. Bame, J.T. Godling, B.E. Goldstein and M. Neugcbauer, Ulysses
solar wind observat ions to 56° south, Space Sci. Rev. 72, in press (1994).

11.V.). Pizz0 and J .T. Gosling, 3-I> simulation of corot sting interaction regions observed by Ul ysses
near the top of the heliospheric current sheet, Geophys. Res. Lett. in press (1994).

12. )y, Godling, S.J.Bame, D.J.McComas, J. I.. Phillips, V.J.Pizzo, B.E. Goldstcin and M. Neugcbauer,
Solar wind corotating stream interaction regions out of the ecliptic planc: Ulysses, Space Sci.Rev. 72, in
press (1994).

13. G. Glocckler, J. Geiss, H. Balsiger, P. Bedini, 1.C. Cain, J. Fischer, L.A.Fisk, A.B. Galvin, F. Gliem,
D.C. Hamilton, J.V. Hollweg, F.M. Ipavich, R, Joos, S, 1.ivi, R. Lundgren, U. Mall, J.F. McKenzic, K.W.
Ogilvic, F. Ottens, W. Rieek, E.O. Turns, R.v. Steiger, W. Weiss. B. Wilken, U.T. Cobbley, A.N. Dan,
The solar wind ion composition spectrometer, Astron. Astrophys. Suppl. Ser. 92,267 (1 992).

14. A.B.Galvin, EM. Ipavich, C.M.S. Cohen, G. Glocckler and R. v. Steiger, Solar wind charge states
measurced by Ulysses/SWICS in the south polar hole, Space Sci. Rev. 72, in press (1994).




(4/5)302 R.G.Marsden and E. J. Smith

15. ENN. Parker, Dynamics of the interplanetary gasand magnetic ficlds, Astrophys. J. 128, 664 (1958),
16.R.J. Forsyth, The high latitude heliospheric magnetic field, Space Sci.Rev. 72, in press (1994).
17.).R. Jokipii and J. K6ta, The polar heliospheric magnetic field, Geophys. Res. Lett. 16, 1 (1 989).
18.E.J. Smith, M. Neugebauer, A. Balogh, S.J. Bame, R.P. Lepping and B.T. Tsurutani, Ulysses obser-
vations of latitude gradients in the heliospheric magnetic ficld: radial component and variances, Space
Sci.Rev. 72. in press (1994).

19. T.R. Sanderson, R G, Marsden, K -P. Wenzel, A. Balogh, R.). Forsyth and B. E. Goldstein, High-
latitude observations of encrgetic ions during the first Ulysses polar pass, Space Sci. Rev. 72, in press

(1994).

2(J. G.M. Simnett and E.C. Roclof, Reverse shock accelerat ion of clectrons and protons at mid-
heliolatitudes from 5.3 AU -3.8 AU, Space Sci. Rev. 72, in press (1994).

21. R.B.McKibben, J.J. Connell, C. Lopate, J.A. Simpson and M. Zhang, Cosmic ray modulation in the
3-D heliosphere, Space Sci. Rey, 72, in press (1 994).

22. M. A Lce, Ulysses' race 10 the pole,: symposium summary, Space Sci. Rev. 72, in press (1994).

23.R.B.McKibben, JLA. Simpson, M. Zhang, S.J. Bame and A. Balogh, Ulysscs out-of-ecliptic observa-
tions of ‘127-day” variations in high energy cosmic ray intensity, Spree Sci. Rev. 72, in press (1994).

24.11. Kunowet al., 1 1igh energy cosmic ray nuclei results on Ulysses: 2. Effects of a recurrent high
speed stream from the southern coronal hole, Space Sci.Rev. 72, in press (1994).

25. K.-P, Wenzel and E.J. Smith, The Ulysses mission: in-ecliptic phase, Geophys.Res. Lett. 19, 123S
(1992).




